There is a growing recognition of parasites as a significant factor in the successful conservation of endangered species. Determining parasite infection and load in free-ranging populations traditionally is done via necropsy or coproscopy. For studies of wild animals, fecal sample collection can result in bias because the individual identity of animals is unknown and multiple samples may be collected from the same individual, yet treated as unrelated samples. We studied parasite load in wild giant pandas (Ailuropoda melanoleuca) across six mountain ranges in China. Genetic identification was used to determine the exact number of individuals sampled. The parasite fauna consisted of five species, dominated by Baylisascaris shroederi. The pattern of statistical difference between mountains was artificially inflated when animal identity was not included in the model. Our results suggest that caution should be exercised in inferring patterns from comparative parasitologic studies when samples cannot be attributed to specific individuals. Using noninvasive genetic sampling to avoid such bias should form a standard tool in the management of endangered species and their parasites.
INTRODUCTION
There is a growing recognition of parasites as a major factor in the biology and conservation of endangered species (Aguirre et al., 2007; Wisely et al., 2008; Smith et al., 2009) . Parasites can lead to mortality, dramatic population declines, and even contribute to local extinction events (Smith et al., 2006) . Mild epidemics of parasite infection also affect population processes because they can reduce competitive abilities, impair host fitness, and alter the dispersal and movement patterns of infected animals (Marathe et al., 2002) . Parasites have the potential to profoundly affect the stability and persistence of threatened populations (Rosalino et al., 2006) , and monitoring prevalence should be a priority for conservation programs (Scott, 1988; Millá n et al., 2009) .
Determining parasite infection and load in free-ranging animals is traditionally done via necropsy or coproscopy (Page et al., 2005) . Postmortem examination is opportunistic and cannot be conducted on a large scale. Therefore, the examination of parasite propagules contained in feces often is the only practical method for studies of threatened wild mammals (Watve and Sukumar, 1995; Millá n et al., 2008) . To estimate reliably parasite prevalence using fecal samples requires a large sample size (Page et al., 2005) ; however, an inability to discriminate between individual sources of samples means that some bias is inherent in such studies (Marathe et al., 2002) . Individual identification is necessary to compare parasite load across populations and remains a challenge in parasitologic studies of wildlife (Chapman et al., 2009 ). Attempts to avoid this kind of sampling bias are rare.
Giant pandas (Ailuropoda melanoleuca) are confined to six isolated mountain ranges in China. Investigations of deceased wild animals or rescued pandas has shown that giant pandas are parasitized heavily by ascarids (Qiu and Mainka, 1993; Hu, 2001 ). However, scant research has been done on the parasitologic differences among populations of giant pandas and, because of sampling bias, inconsistent methods, and variation in sampling, results are inconclusive and data cannot be compared.
A qualitative evaluation of infection from parasites is important for understanding the ecologic characteristics of endangered species and improving their management (Rosalino et al., 2006) . To assess infection profiles by parasites in wild giant pandas, we performed mountain-wide surveys of parasites in wild pandas using fecal samples and genetic identification techniques to control for sample bias and replication. We collected fecal samples in winter because seasonality in parasitic infection can result in marked differences, even within populations (Chapman et al., 2009 ). Our results have implications for giant panda ecology and provide a foundation for long-term surveillance programs of giant pandas and their parasites.
MATERIALS AND METHODS
During winters (November-February) 2006-2008 we surveyed giant panda feces across six mountain ranges (Qinling, Minshan, Qionglai, Liangshan, Daxiangling, and Xiaoxiangling) in central China (Fig. 1) . We followed a sampling strategy similar to the third national survey of giant pandas. Additional feces within 500 m 2 of a sample were not collected (State Forestry Administration, 2006) . Locations were recorded using GPS and mapped in Arcview (Version 3.2a; ESRI, Redlands, California, USA). Thirty grams of feces (including the outer layer) was crushed and stored in vials of 10% neutralbuffered formalin for examination of helminth eggs and larvae. The remaining outer layer of fresh feces was peeled and preserved in 100% alcohol.
DNA extractions were performed using the EZNA Stool DNA Kit (Omega Bio-tek, Norcross, Georgia, USA) following the manufacturer instructions. We chose to score 12 giant panda specific microsatellite loci (Hu et al., 2010) using the multitubes approach (Taberlet et al., 1996) . PCR products were resolved using an ABI 3730 prism automated sequencer and analyzed using GeneMarker V1.3 (Softgenetics, Pennsylvania, State College, USA). Sex determination for each sample was performed following Zhan et al. (2006) . Template DNA from a male,a female, and a negative control, were coamplified in each PCR. Fecal samples were examined following the sedimentation-flotation technique of Aguirre et al. (1998) with only slight modification. We transferred stored samples into a 500-ml bottle containing 250 ml distilled water. This mixture was filtered using a wire mesh (750 mm aperture) into a 500 ml bottle. A second filtration was undertaken using a wire mesh of 370 mm aperture. After 30 min the supernatant was siphoned off. Fecal sediment was washed with distilled water thrice and the supernatant discarded. After concentration to a volume of 30 ml, three 1-ml samples were examined microscopically using a modified McMaster slide. If no eggs or larvae were detected after the third 1-ml sample, we used flotation techniques to examine the remainder of the sample following Aguirre et al. (1998) . Helminth eggs and larvae were classified based on their morphologic and morphometric characteristics. For example, Baylisascaris shroederi eggs measured 67-83 mm 3 54-70 mm with 5-10 mm spinous processes (Zhang and Wei, 2006) , whereas those of Ogmocotyle sikae measured 22-27 mm 3 13-18 mm with two 44-142 mm filaments at each pole (Tang and Tang, 2005) . Other helminthes were identified according to Zhang and Wei (2006) and Wu (2001) . Some parasites were identified to genus level using propagule morphology (Wu, 2001; Zhang and Wei, 2006) . Because coprologic analysis does not allow extensive taxonomic accounts we might not have identified all parasite species.
Samples with no more than one mismatch for an allele at one locus were considered as belonging to the same individuals (Bellemain et al., 2005; Solberg et al., 2006) . The probability of identity or the probability that two individuals drawn from a population will by chance have the same genotype at multiple loci was calculated using GIMLET (Valiè re, 2002) . The expected probability of identity among full sibs was estimated to give a theoretical upper limit to the probability that pairs of individuals will share genotypes, as suggested by Waits et al. (2001) . The approach of Zhan et al. (2010) was used to calculate the microsatellite genotyping error rate.
Prevalence (P) of parasites was determined by dividing the number of positive individuals by the total number of individuals examined. Intensity (I), with uninfected samples being excluded, was defined as the number of conspecific parasites per gram. Calculations of prevalence and intensity with 95% confidence intervals estimated by bootstrap were performed using Quantitative Parasitology 3.0 (Ró zsa et al., 2000) . A comparison of parasite prevalence and the sex of the host, and variation in parasite prevalence among mountains were tested using x 2 test (with correction for continuity when necessary). Bootstrap tests, as recommended by Ró zsa et al. (2000) , were used to compare mean intensities. Bonferonni corrections were used when comparing data from pairs of mountain ranges (Table 1) .
RESULTS
We collected 224 fecal samples (Table 2). Ten of 12 microsatellite loci were successfully amplified from these samples and included partial as well as complete profiles. Two loci (Ame-m5 and Ame-m15) were excluded because of low success (,50%). The probability of identity based on 10 loci and their allele frequencies (PID and PID SIBS ) was 4.3310 29 and 3.9310 24 respectively. At least seven loci are required to achieve a reasonably low PID (,0.01) for individual identification. The match of consensus genotypes for those samples typed with these loci revealed the presence of 126 individuals (Table 2 ). Seventy-one males and 46 females were identified; nine individuals generated inconclusive results and were excluded from analyses of parasite infection and gender. Using formulae in Zhan et al. (2010), we calculated the mean genotyping error rate across loci at 1.0%, meaning no more than three erroneous genotypes exist in our dataset. The overall prevalence of helminth infections was 57.9%. Five helminth species were identified through the examination of fecal eliminative stages: B. shroederi (eggs, few adults), O. sikae (eggs), Toxascaris seleactis (eggs), Ancylostoma ailuropodae sp. (eggs), and Strongyloides sp. (larvae). Prevalence of these helminths was not homogenous and the single parasite excretion B. schroederi was dominant across all mountains (54.0%) and significantly different from other species (x 2 5219.4, df54, P,0.01) found in certain areas only.
We found an effect of individual identity when comparing B. shroederi prevalence between mountains. If we used individuals to estimate infection, no significant variation in prevalence between any pair of mountains was observed. However, use of all fecal samples resulted in the false identification of four differences: between Xiaoxiangling and Qinling; Minshan and Qinling; Liangshan and Minshan; and Liangshan and Xiaoxiangling (Table 1) .
The frequency distribution of parasite intensity was highly aggregated as indicated by a large variance to mean ratio ( 
DISCUSSION
Our comparison across mountain ranges showed sampling bias when using the number of infected samples, rather than infected pandas, to estimate the prevalence of infection. The most likely source of this bias was that more than one fecal sample was collected from the same individual, despite our controls in the field. The probability of sampling feces from the same animal is high because giant pandas defecate in irregular places and can excrete up to 20 kg of feces daily (Hu, 2001 ). Sampling bias is common in studies of parasitic infection, but few attempts have been made to resolve this issue. Huffman et al. (1997) compared incidence of infection based on the a Calculated using all fecal samples.
b Calculated using number of individual pandas examined.
c VMR 5 variance-to-mean ratio.
d Nine animals of unknown sex.
number of fecal samples obtained from chimpanzees (Pan troglodytes) and that based on the number of known individuals, and found that individual infection rates were statistically higher using the latter approach. Alternatively, based on the assumption that parasite composition should not change rapidly in the same individual, Marathe et al. (2002) used cluster analysis of fecal samples from tigers (Panthera tigris) to show samples derived from the same individual. We used noninvasive genetic sampling to identify individuals and estimate the prevalence of parasites in giant pandas. Noninvasive genetic sampling is employed widely across the conservation sciences (Tabertlet et al., 1996; Waits and Paetkau, 2005; Jeffery et al., 2007) . Fecal DNA also might prove useful for detecting pathogens and parasites shed in feces (Wasser et al., 2002) and in turn, pathogen genes in feces could provide potential tools to monitor population dynamics (Poss et al., 2002) . However, studies of parasites of endangered species using these genetic methods concerning individual hosts are rare. The importance of knowing the identity of the sample is being realized (Watve and Sukumar, 1995; Millá n et al., 2008) and parasitologists are being called upon to adhere to the rules of sampling individuals (Chapman et al., 2009) .
The helminth community of giant pandas appears to comprise a limited number of species. Six species were documented here and elsewhere, and studies based on necropsies concur (Zhang and Wei, 2006) . Infectious disease theory (Funk et al., 2001 ) and mathematical models (de Castro and Bolker, 2005) predict that threatened or endangered host populations should harbor fewer parasites. A recent empirical study (Altizer et al., 2007) showed that threatened primates had fewer helminths, protozoa, and viruses than nonthreatened species. A similar pattern has been suggested for eight bear species (Ursidae) on the International Union for the Conservation of Nature (IUCN) Red List of Threatened Species. Endangered giant panda and five other vulnerable bears, Malayan sun bear (Helarctos malayanus), sloth bear (Melursus ursinus), spectacled bear (Tremarctos ornatus), polar bear (Ursus maritimus), and Himalayan black bear (Ursus thibetanus), contain fewer parasites than species of less conservation concern such as grizzly bears (Ursus arctos) and American black bears (Ursus americanus; Rogers and Rogers, 1976) . Low parasite richness intuitively seems to be positive for endangered wildlife species (Smith et al., 2009 ). However, the loss of parasites could be unhealthy for an ecosystem (Hudson et al., 2006) and lead to a loss of genetic variation in immunity and increased susceptibility (Smith et al., 2009 ). Antagonistic coevolution between hosts and parasites shapes adaptation and biodiversity (Thompson, 1999) . Thus, the limited number of parasite species associated with wild giant pandas might indicate a limited coevolutionary dynamic interaction. Although relatively high genetic variation in giant pandas has been revealed by neutral markers such as microsatellite and mitochondrial DNA (Zhang et al., 2007) , further research into parasite load, immune-correlated genes, and the evolutionary dynamics of giant pandas and their pathogens is required.
Baylisascaris shroederi usually parasitizes the intestines of giant pandas, and can cause intestinal obstruction, inflammation, and death (Zhang and Wei, 2006) . Most giant pandas found dead in the wild have been heavily infected with B. shroederi (Hu, 2001) . Although successful transmission of parasites depends on direct contact between the host and infective stages through processes such as ingestion of free-living infective stages or penetration of free-living stages present in the environment (Rosalino et al., 2006) , B. shroederi infection can persist in giant pandas for 1-2 yr. Fertilized eggs can develop into free-living infective stages rapidly and then specifically infect other giant pandas or, more frequently, infect the current host without an intermediate host (Wu et al., 1985) . The dormancy of fertilized eggs of B. shroederi equates to longer in vitro survival and accumulation of eggs in the environment (Wu et al., 1987) . Many food or water resources can become polluted because giant pandas defecate while feeding (Zhang and Wei, 2006) .
Although we did not observe this for giant pandas, many male animals appear to suffer greater parasite infection than females (Poulin, 1996) . An animal's sex is often cited as an influencing factor for infection (Poulin, 1996) , but statistical support is not strong (Poulin, 1996) and this relationship might be species-specific. The timing of sampling, host reproductive status, and sexual dimorphism could contribute to sexual inequalities in parasite infection (Poulin, 1996) .
Complex interactions among environmental, demographic, behavioral, and genetic factors may be associated with prevalence and variation in intensity of parasite infection (Gillespie et al., 2005) , and make it difficult to explain differences in prevalence and mean intensity of B. shroederi observed here. Because of the aggregated distribution of B. shroederi, future work should focus on characterizing a typical parasite burden and implications for giant pandas as related to parasite load and giant panda immunogenetic variation.
